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SUMMARY
From a study of ice creams in the laboratories of the Iowa 
Agricultural Experiment Station, conducted with reference to 
their bacterial content and to find out the value of a bacterio­
logical standard for ice creams, these general conclusions were 
drawn;
i. At least some Iowa ice cream is in much the same con­
dition bacteriologically as that studied elsewhere. Ten samples 
taken in Des Moines and representing five manufacturers gave 
an average of 19,920,000 organisms per cc.; 12 from the college 
creamery averaged 19,775,000 per cc.
2. After pasteurization, cream can be stored at o° C for 
several days with no important increase in the number of bac­
teria developing on agar at 370 C. Unless pasteurized, cream 
is the greatest source of the bacteria in ice cream.
3. Gelatin may carry enormous numbers of bacteria and 
some samples probably adld large numbers of bacteria to the 
ice cream made with it.
4. The vanilla has but little effect on the bacterial con­
tent of ice cream in which it is used.
5. Sugar, properly cared for, is generally low in bac­
teria.
6. The freezer may be an important source of bacterial 
contamination of the ice cream made ill it.
7. It is possible to produce an ice cream with a low bac­
terial content in quantities up to 20 gallons, without employ­
ing expensive or time consuming methods.
8. The bacteria which develop on agar at 370 C do not 
increase in ice cream during storage, if the product is kept 
suitably hardened.
9. Duplicate bacterial determinations made on ice cream 
in unbroken containers agree fairly well. With ice cream 
which has been transferred from one container to another, 
wide variations may be encountered.
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BACTERIA AND ICE CREAM
BY B. W . HAMMER.
The bacteriological standard has proved of value in de­
termining the purity of milk and controlling its supply.
Is the counting of bacteria in ice cream equally valuable 
in determining its wholesomeness and regulating its manu­
facture?
The very great numbers of bacteria generally found in 
ice cream, in Iowa and elsewhere, make this question import­
ant, but it is hardly possible to answer it positively at present. 
However, in the investigations made by the Iowa Agricultural 
Experiment Station and set forth in this bulletin these facts 
appeared:
As cleanliness in making ice cream increases, the number 
of bacteria decreases. It is possible to make ice cream in 
quantities up to 20 gallons with a low bacterial count without 
expensive methods, though it is not certain that this is true 
under large factory conditions. When ice cream is properly 
hardened its bacterial content will not increase in storage. 
The chief source of bacteria in ice cream is the cream, although 
gelatin may add large numbers and the freezer is likely to be 
an important source of contamination.
Interest in this question of the purity of ice cream has 
naturally followed the revelations as to milk contamination. 
The first time a milk supply was positively determined to be 
the cause of an outbreak of contagious disease among humans 
was in 18571.
Since that time the number of epidemics traced to this 
source has greatly increased and the suspicion with which milk 
has come to be regarded has extended to the products made 
from it, such as butter, cheese and ice cream.
While the number of outbreaks of disease traced to in­
fected ice cream is small, when compared to the number traced 
to milk, it is large enough to have attracted the attention of 
those interested in the public health. ' Newman 2 (1904) says, 
“Some dozen outbreaks of disease have been attributed to the 
consumption of ice cream,”  and then he mentions specifically 
three outbreaks of typhoid and one epidemic in which the
1. E din . M ed. Journ . 1858 pp. 993-1004. re f. B act. o f  M ilk. S w ith in - 
bank and N ew m an p. 260.
2. B act. and  the P u b lic  H ea lth  p. 273.
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symptoms were concluded to be characteristic of poisoning 
through foods. Chapin 3 (1910) writes as follows: “ Sedge- 
wick and Winslow collected records of four outbreaks of ty­
phoid fever due to the use of ice cream and another has been 
reported by Barras.”
An idea of the relative importance of infected ice cream 
as a cause of typhoid fever may be obtained from Trask’s 4 
compilation: Out of 179 epidemics of this disease reported as 
spread by milk, ice cream was given as the infective medium 
in three. Buchan. 5 (1910) in a list of English epidemics trac­
ed to infected ice cream, reviews four outbreaks of typhoid 
fever, one of scarlet fever, one of diarrhoea, and three of ice J
cream poisoning.
In the references given however, some outbreaks are in­
cluded twx> or three times, so the epidemics traced to infected 
ice cream are fewer than this review leads one to believe. It 
must be considered, however, that besides the outbreaks in 
which ice cream is recognized as the infective medium, there 
must be many more in which ice cream is not recognized as the 
cause, because of the impossibility of assigning many epi­
demics to any definite source.
ICE CREAM AND PTOMAINE POISONING.
Newspaper discussion, following epidemics of sudden ill­
ness after the eating of ice cream, often gives the cause as 
ptomaine poisoning. Although ptomaines undoubtedly exist 
in certain poisoning foods, the tendency at the present time is 
to consider them of less importance than formerly. The pois­
onous principle is most often some substance standing nearer 
the proteins than the ptomaines, and accordingly more com­
plex chemically.
Realization that milk may help largely in spreading dis­
ease,WogetheF with the general demand for cleaner food pro­
ducts, has led to the use of the bacterial count as the means of 
determining the general wholesomeness of a milk supply. 
Certified milk, with its low bacterial count, is becoming more 
and more popular and certified butter 6-7 has been considered 
as a possibility. The use of the bacterial count in controlling 
milk supply has necessiated the establishment of a bacterial 
standard for milk and this has led to the consideration of 
bacterial standards for ice cream and, in a few cases, to their 
adoption.
3. S ources arid M odes o f  In fe ct io n  p. 292.
4. B ull. No. 56. H yg . Lab. U. S. P ub. H ea lth  and M ar. H osp . Serv. 
W ash . pp. 29-30.
5. Jou r. H y g . 1910 p. 93.
6. H ess. Jour. A m er. M ed. A ssoc . 57 (1911) N o. 7, pp. 561-562.
7. Cal. S tate Jour. M ed. 9 (1911) No. 9 p. 389.
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With the purpose of considering the practicability of such 
standards, the investigation described in this bulletin was 
made by the Iowa Agricultural Experiment Station. The 
work was necessarily divided into several parts and each will 
be discussed separately under the following heads:
I. The numbers of bacteria found in ice cream.
II. The sources of bacteria in ice cream.
III. The manufacture of ice cream with a low bacterial 
count.
IV. Bacterial changes during the storage of ice cream.
PART I. THE NUMBERS OF BACTERIA FOUND IN  
ICE CREAM.
Comparatively little has been published on the bacterial 
content of ice cream. It is only within recent years that ice 
cream has been of any importance as a food, and this import­
ance was, of coursé, necessary to bring the subject to the at­
tention of public health officials. Some investigations have 
been made, however, and these show that generally commer­
cial ice cream contains very large numbers of bacteria, in 
Iowa as well as elsewhere.
A bacteriological study of the commercial ice cream of 
Philadelphia was made in 1905 and 1906 by Pennington and 
Walter 10. The counts ranged from 70,000 to 79,800,000 per 
cc. Some of the samples were reported as “ innumerable” and 
the average of the samples for which figures are given is
17,833,031-
The following results were obtained with Boston 8 ice 
cream.
Bacteria per cc.
Total average ..........................    23,000,000
Average for  stores (2 6 ) ................. . 25,000,000
Average for  carts (5 )  ...................... . 28,000,000
Average for  stands (4 )  ..........................  9,000,000
Highest count .......  150,000,000
Lowest count ............................... ............. 1,000,000
During the years 1906 and 1907, 263 9 samples of ice cream 
collected in the city of Washington were examined as to their 
bacterial content (by the use of a 2 per cent lactose agar and 
an incubation of three days at 3d0 C.) The average count was
8. R pt. o f  the B act. L ab. 1906-7.
9. B ull. No. 56 H y g . L ab. U. S. P u b lic  H ea lth  and  M ar. H osp. Serv. 
pp. 256-257.
10. N ew  Y o rk  M ed. Jou rn a l L X X X V I. No. 22, p. 1013.
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26,612,37! Per cc. with a maximum of 365,000,000 and a mini­
mum of 137,500.
At the Chicago municipal laboratory 11 during the year 
1909, 89 samples of ice cream were examined and the average 
bacterial content found to be 16,662,134 per cc. The lowest 
count was 20,000, and the highest 125,000,000. During the 
year 1910, 11 386 samples were examined by the same labora­
tory and the average bacterial content found to be 15,401,000 
per cc., with the individual counts ranging from less than
20,000 to over 100,000,000. In a talk before the National 
Association of Ice Cream Manufacturers, Dr. Tonney 12 gave 
some data in regard to the bacterial content of the samples of 
ice cream examined by the Chicago city laboratory during 
1911. The smallest was 90,000 and the largest was over 200,- 
000,000 per cc. The average was about 1,800,000.
The highest count obtained with 26 samples of ice cream 
examined in the city of Milwaukee 13 was 8,000,000,000 per cc., 
while the lowest was 200,000. Neither the averages nor the 
individual counts were given. Over 80 per cent of the counts 
were under 5,000,000 per cc.
METHODS EMPLOYED BY IOW A STATION.
The agar used in the work herein reported was prepared 
after the method recommended by the American Public Health 
association’s committee on standard methods of bacterial milk 
analysis14. Because of the relation between milk and ice cream 
from the standpoint of the bacteria contained, it seemed inad­
visable to consider an agar with a different reaction or com­
position.
The ice cream samples taken from containers were se­
cured by means of a sterile butter trier. After it was with­
drawn the core was cut in two over the edge of a sterile Petri 
dish, the cover of which was slightly raised, and the upper 
part of the core discarded. The butter trier was sterilized in 
the autoclave and allowed to cool to room temperature before 
using. If the trier is used at a temperature much above room 
temperature, considerable difficulty is experienced in with­
drawing the core of ice cream because of the melting. The 
samples of ice cream taken from the continuous freezer were 
obtained by allowing a little of the frozen material to fall into 
a sterile Petri dish. In all cases, the samples were taken to 
the laboratory at once and here the Petri dishes were gently 
warmed over a Bunsen burner until the ice cream was melted; 
the melted material was then treated exactly the same as a
* 11. -R ep ort  o f  D ept, o f  - H ea lth  o f  C ity  o f  C h icago  1907-10, p. 242.
12. Ice  C ream  T ra de  Jou rn al, F eb . 1912, p. 33.
13. B ull, o f  the M ilw au k ee  B ureau o f  E con om y. E ffic ie n c y  No. 13. p. 
35.
14. Am . Jou rn . Pub. H y g . N. S. V I, 1910, No. 2, p. 315.
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sample of milk. In the work reported, the temperature of in­
cubation was 370 C. and the time 48 hours. The results given 
are the average of duplicate plates.
TEST OF IOW A ICE CREAMS.
During October, 1911, 10 samples of vanilla ice cream, 
bought in the retail establishments of the city of Des Moines, 
were examined as to their bacterial content. The samples 
were taken to the dairy and food commissioner’s laboratory in 
that city, where a small amount of each was transferred, with 
a sterile spatula, from the paper pail, to a sterile Petri dish.
The following table gives the results of this examination: 
TABLE I.
BACTERIAL COUNT OF SAMPLES OF DES MOINES ICE CREAMS.
Bacterial
Sample M anufacturer Content per cc.
1 A 4,200,000
2 B • 11,000,000 W
3 B 6,000,000
4 B 21,000,000
5 B 31,000,000
6 C 22,000,000
7 D 39,000,000
8 E 21,000,000
9 E 28,000,000
10 E 16,000,000
Average o f 10 samples 19,920,000
A  n u m b er  o f  d e term in a tion s  w e re a lso  m ade on  ice  crea m
m a n u factu red  at the c o lle g e  cre a m e ry d u rin g  th e tim e w h e n
no attem p t w a s m ade to  k eep  th e  b a cteria l c o n te n t lo w . A c ­
c o rd in g ly , the cou n ts , w h ich  are g iv e n  in ta b le  II, can  b e  lo o k e d
u pon  as w h a t the o rd in a ry  m a k er w o u ld  h ave  secu red  w ith
the sam e m aterials..
TABLE |1
BACTERIAL COUNT OF COLLEGE ICE CREAM.
Kind of Bacterial t
Date Ice Cream Content per cc.
1911— Sept. 12 Vanilla 25,000,000
1911— Sept, 13 Vanilla 500,000
19 l ì — Oct. 16 Vanilla 70,000,000
1911— -Oct. 18 Vanilla 1,100,000
1911— Oct. 26 Bisque 1,000,000
1911— Oct. 28 Vanilla 6,000,000
1911— Nov. 2 Cherry 12,000,000
1911— Nov. 14 Vanilla 12,000,000
1911— Nov. 16 Raspberry 32,000,000
1911— Nov. 25 Vanilla 5,000,000
1912— Jan. 4 Caramel 7,000,000
1912— Jan. 4 Vanilla 72,000,000
Average o f twelve samples 19,775,000
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From table I showing an average bacterial count of
19,920,000 per cc. and table II showing an average of 19,775,000, 
it is evident that at least some of the Iowa ice cream is in 
much the same condition bacteriologically as the ice cream in 
other parts of the country.
The following table summarizes all the data reviewed:
TABLE III.
SUMMARY OF BACTERIAL INVESTIGATIONS OF ICE CREAM.
Source of Date of
Ice  Cream Investigation
Philadelphia 1905-06 
Boston 1906-07
W ashington 1906-07 
Chicago 1909
Chicago 1910
Chicago 1911
Milwaukee
Des Moines 1911 
I.S.C.Cream 1911-12
No. of Av. Bact. Highest LowestSamples
Examined Content per cc. Count Count
49 17,833,031 79,800,000 70,000
35 23,000,000 150,000,000 1,000,000
263 26,612,371 365,000,000 137,500
89 16,662.134 125,000,000 20,000
386 15,401,000 100,000,000 20,000
1,800,000 200,000,000 90,000
26 8,000,000,000 200,000
10 19,920,000 39,000,000 4,200,000
12 19,775,000 72,000,000 500,000
PART II. THE SOURCES OF THE BACTERIA FOUND 
IN  ICE CREAM.
The cream used is the principal source of the bacteria 
found in ice cream.
One reason for this is undoubtedly that during the separa­
tion of milk, many bacteria are carried with the fat globule 
clusters and as a result the cream contains more bacteria per 
unit volume than the skim milk or the whole milk from which 
it comes. 1 & 2 The bacterial content . of cream is very 
variable, due to variations in the three determining factors— 
initial contamination, age, and temperature of holding. _ At 
the college creamery an occasional can of cream is received 
with a bacterial content as low as 400,000 per cc.; on the other 
hand counts as high as 80,000,000 per cc. have been obtained 
on sweet cream during the coldest winter weather.
It seems desirable, then, to pasteurize cream to overcome 
the initial contamination and this process was resorted to in 
the experimental work described in Part III.
After pasteurization, however, the practical ice cream 
maker considers it necessary to store the cream so that it will 
regain its viscosity and give a suitable yield. This introduces 
the question of whether or not there is an increase in bacteria 
during this period. A two day period is considered suitable
1. Bull. No. 56. H y g . Lab. U. S. P ub. H ea lth  and  M ar. H osp . Serv. 
p. 739.
2. B ull. No. 59. Io w a  A g r. E x p erim en t Station , pp. 55-59.
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for holding the pasteurized cream. If the results obtained by- 
Conn and Esten 3 with milk are applicable to cream, no in­
crease would be expected during this time, inasmuch as cream 
is usually stored at a temperature close to o° C. To get def­
inite data on this point samples of cream were pasteurized at 
6o° C. for 20 minutes in class stoppered bottles, and then held 
near o° C. by immersing in ice water. Bacterial counts were 
made from time to time and the results obtained are shown 
in the following table:
TABLE IV.
BACTERIAL CONTENT OF PASTEURIZED CREAM AT 
DIFFERENT AGES.
Bacterial Content per cc.Time of Test After 
Pasteurization Samplei
Sample
2
Sample
3
Sample
4
Sample
5
Immediately ........................ 6100 6300 2100 2000 68,000
1 d a y ................................... 6600 5900 2900 1700 68,000
2 days ................................. 4500 5800 47,000
4 days ................................. 49,000
5 days ................................ 3900 3000 68,000
6 days ................................. 4300 5400 3200 2000
7 days ................. >............. . 4100 4100
8 days ................................. 2800 2900
9 days fEBJ|............................ 3800 4200
10 days .......................... ...... 2300
11 days ................................. 5200 3800 2,400,000
12 days ................................. 1800 1,400,000
13 days ................................. 3800 3700
14 days .......................... ...... 2100
15 days ................................. 3000 4000
24 days ................................. 14000
Table IV. shows that cream can be held at about o° C. for 
a number of days without an increase in the number of bac­
teria which develop on plain agar at 3J°  C. It may be objected 
that holding cream in bottles differs considerably from holding 
it in quantities as is done under practical conditions, but the 
d'ata given later show that up to four days, at least, there was 
no increase of any importance in cream stored in io-gallon 
cans and in the work reported the cream was at times at a 
temperature as high as 30 C.
Gelatin may be a large source of the bacteria in ice cream. 
Gelatin 4 is obtained from bone, horn, hoof, tendon, connective 
tissue and other nitrogenous parts of the animal by treating' 
these, materials with chemicals, to get rid of the fat, blood, 
phosphate, etc., and then dissolving out the gelatin. An excess 
of heat is avoided and accordingly it is evident that if dirty 
or putrid materials are used the resulting product is likely to 
contain large numbers of bacteria, especially spore forming
3. R ep ort  o f  S torrs A gr. E xp. Sta. 1904, p. 27.
4. W ile y — P ood s  and their A d u ltera tion , 1907, p. 90.
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organisms. The gelatin made from the edible portions of the 
animal, either fresh or after proper preservation, is better from 
a bacteriological standpoint than gelatin made from exposed 
parts.' Wiley calls attention to the fact that a portion of the 
gelatin sold in the United States is made from parts of ani­
mals that are slaughtered in South America and the consumer 
has no knowledge of how these parts are preserved or trans­
ported. . . . ,
By some 5 the heating to which the gelatin is subjected 
in order to get it into solution is considered to eliminate it as 
a source of contamination. In view of the dry condition of 
the gelatin, however, the living organisms present must be 
quite resistant, so the importance of the heating^ which ice 
cream men consider should not be above 82° C, is more or 
less doubtful. This point is at present being investigated at 
this station.
THE BACTERIA IN GELATIN.
Gordon 6 has published the bacterial content of 20 samples 
of gelatin in which the counts ranged from 200 to 30,000,000 
organisms per cc. No account of the method employed is
given. I ,
A number of samples of gelatin have-been examined by
dissolving in water with the aid of a gentle heat and plating 
on agar. Table V. shows the variations that have been 
encountered.
TABLE V.
BACTERIAL COUNT OF GELATIN SAMPLES.
Samples
No.
1
2
3
4
5
Bacteria per Gram 
113,000,000 
14,000,000 
35 
4,200
85,000
Bacteria in 
cc o f Ice Cream 
Due to Gelatin
565,000
70,000
0.2 
21 
425
The results given in the third column were obtained by 
dividing the results in the second column by 200 on the basis 
of one-half per cent gelatin. The volume relations as well as 
the organisms killed during the heating of the gelatin are, of 
course, ignored in such a calculation.
Sample 3 is the gelatin that is used in the college ice 
cream laboratory and was the one used in the experimental 
ice creams.
5. T on n ey— Ice  C ream  T rade Jou rn al. F eb . 1912, p. 34.
6. Ice  C ream  T rade Journal, Jan. 1912, p. 33.
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THE INFLUENCE OF FLAVORS.
Pure vanilla extract has an alcohol content of from 20 to 
40 per cent by weight.7 Alcohol is recognized as having 
some germicidal properties and it is also recognized that cer­
tain organisms require a high concentration of alcohol to kill 
them. Accordingly we should hardly expect to find vanilla 
extract sterile. Several determinations of the bacterial con­
tent have been made on vanilla extracts, the samples being 
taken from opened and partially used bottles so as to give 
results under essentially practical conditions. The samples 
were plated on agar and incubated as usual. The results are 
given in table V I . :
TABLE VI.
BACTERIAL CONTENT OF VANILLA SAMPLES.
Sample Number Bacteria per cc.
1 1700
2 200
3 400
4 1400
5 2300
6 300
Table VI. shows that in the vanilla extracts studied, the 
bacterial content was uniformly low. When we consider the
small percentage that is used in making ice cream, it is evi­
dent that the vanilla extract plays a very small part in deter-- 
mining the bacterial content of the product.
The sugar used for ice cream making at the College 
creamery carries comparatively few bacteria, results as low as 
60 organisms per gram having been obtained. The protection 
from dust and dirt that is given an opened sack is considered 
to be a great factor in determining the influence of sugar on 
the bacterial content of an ice cream.
THE INFLUENCE OF UTENSILS.
It has long been recognized that the utensils used to hold 
milk or milk products are very fruitful sources of contamina­
tion under ordinary conditions, the reason being that it is 
practically impossible to get them clean from a bacteriological 
standpoint unless boiling water or steam is employed. It is 
impossible to determine the influence of the freezer on the 
bacterial content of an ice cream because of the other factors 
which enter into the problem, such as the apparent increase 
due to the breaking up of the clumps of organisms during the 
agitation of the material, and the probable death of some of 
the organisms at the low temperature employed. The con­
struction of many freezers, however, is such that cleaning is
7. L each — F ood  In sp ection  and  A n a lys is , p. 852.
11
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difficult, and it is highly probable that freezers can be classed 
along with the other containers for milk products as fruitful 
sources of contamination.
CONCLUSIONS.
1. The cream, unless pasteurized, is the greatest source 
of the bacteria in ice cream.
2. After pasteurization cream can be stored at O0 C for 
several days with no important increase in the number of 
bacteria developing at 3y° C on agar.
3. The bacterial content of gelatins is very variable and 
some probably add large numbers of bacteria to ice cream in 
which they are used.
4. The vanilla extract plays but a very small part in 
determining the bacterial content of an ice cream.
5. The sugar also is comparatively unimportant as re­
gards the number of bacteria in the ice cream made with it, 
if it is properly protected from dirt.
6. The freezer may be a fruitful source of the bacteria 
in an ice cream.
PART III. THE MANUFACTURE OF ICE CREAM WITH 
A LOW  BA CTERIA L CO UNT.
Because some cities have established a bacterial standard 
for ice cream, while others are considering such a step, it 
seemed desirable in this investigation to attempt to produce 
ice creams containing small numbers of bacteria.
Pennington and Walter 1 in the work already referred to, 
found a gradual rise in the Average bacterial content of the 
ice cream as the shops from which it came ranged from “ clean” 
to those classified as filthy. The following table is abridged 
from their results:
No. o f  Average No.
Establishments Bacteria per cc.
Clean ..............................  ..20 12,460,863*
Fair ......................................... 26 15,857,800
Dirty ..................   6 22,491,833
Filthy ...... .......:............ 8 29,225,714
* One high count excluded.
In contrast to this, however, they obtained in one large 
factory where the strictest cleanliness possible was main­
tained, the following bacterial counts: 6,335,000, 33,120,000
and 20,550,000 per cc.
Tonney, 2 in one of the experimental plants, got an aver-
1. N ew  Y o rk  M ed. Journ . L X X X V I  No. 22, p. 1013,
2. Ice  C ream  T rade Jou rn al. F eb . 1912. p. 35.
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age of 185,000 bacteria per cc. under all conditions and con­
siders that the bacterial count can be kept low quite easily.
THE IOW A EXPERIMENTS.
The first work done in this investigation in attempting 
to produce an ice cream with a low bacterial content was 
carried out with a hand freezer. The parts of the freezer 
coming in contact with the product were sterilized in the 
autoclave. One quart of standardized cream was pasteurized 
in a two quart Mason jar at 6o° C (140° F) for twenty min­
utes and then held in a tub containing water and ice. The 
sugar was weighed and the vanilla .measured in sterile con­
tainers, while the gelatin was weighed on sterile paper and 
dissolved in sterile water in a sterile beaker. The materials 
were mixed in the freezer after which the mix was frozen.
The following table shows the number of bacteria found 
at various times in two experiments. In experiment 1, the 
ice cream was made after holding the cream two days and in 
experiment 2 after holding it three days.
TABLE NO. VII.
BACTERIA FOUND AT VARIOUS STAGES IN THE MANUFAC­
TURE OF ICE CREAM.
Bacterial Count
Time o f Bacterial Count Expt. 1
Cream before Pasteurization ........................ 4,500,000
Cream after Pasteurization ..........................  30,000
Cream after 1 day ............... .1.:....,:,........... 16,000
Cream after 2 days ...........................................  19,000
Cream after 3 days .................. .... ............-......
Mix ......... . . . ..........
Ice cream after freezing ............   8,300
Expt. 2 
1,800,000 
11,000
7.800
7,000
6,500
4.800
The results given in table V II. show that with a hand 
freezer it is possible to produce an ice cream with a low bac­
terial content.
TEST UNDER COMMERCIAL CONDITIONS.
The results obtained with the hand freezer are not ap­
plicable to commercial conditions, so it was decided to see 
how low . the count could be kept using the disc continuous 
freezer that is employed in the College ice cream laboratory. 
The freezer was, however, used as a batch machine, this being 
the method usually followed by the instructor in charge of the 
ice cream making, who carried out the standardization, pas­
teurization, mixing and freezing.
After standardization the cream was pasteurized at 63° 
C (i45xo F) for 25 minutes (thermometer in the cream) by 
immersing the io-gallon container in a tank of hot water. 
The cooling was then begun at once with tap water. In about 
an hour the can was placed in a tank of water, considerable ice
13
Hammer: Bacteria and ice cream
Published by Iowa State University Digital Repository, 1911
290
being present, and held there for varying lengths of time. 
The containers used for holding the mix and1 for dissolving 
the gelatin were steamed over a jet and the spoons, etc., used I 
were similarly treated. The scale pan was covered with a 
clean piece of paper when the gelatin was weighed and the 
sugar was weighed from the sack by difference. Thegelatinwas 
dissolved in ordinary tap water. Both the receiving tank and 
the freezing chamber of the freezer were filled with water, I 
which was then brought to a boil with the aid of a steam hose 
and allowed to stand for about 10 minutes, after which it was I 
drawn off. The first water circulated through the coils' was 
water at room temperature and then, as the machine began 
to cool down, ice, and later, ice and salt, were gradually added.
By this method, no difficulty was experienced in giving the 
machine a thorough steaming without damaging any of the I 
parts. ■ I
With these precautions, results were obtained which are 
given in Table V III on the next page.
BACTERIAL CONTENT MAY BE K EPT LOW.
The above results indicate that it is possible to produce 
ice cream in quantities up to 20 gallons at least, with a low I
bacterial content. Whether or not this is possible under I
practical conditions, it is as yet impossible to say, but the I 
methods followed are neither time-consuming nor expensive, 
and it seems probable that equally good results could be 
obtained in any ice cream factory, regardless of the amount of 
cream manufactured. When the work now in progress is 
finished it is hoped that the results obtained under essentially 
practical conditions can be stated with some d!egree of cer­
tainty. ' . I
Aside from employing clean materials and carefully I 
steaming the containers used, pasteurization of the cream was 1  
the only method employed to keep down the bacterial count I 
and this is already followed by a considerable percentage of I 
the ice cream makers. Undoubtedly, the principal, if not the 
only reason, why ice cream manufacturers pasteurize the I 
cream they use is to enable them to keep it sweet longer. By I 
this process, however, when properly carried out they also I 
accomplish the destruction of the non-spore forming patho- I 
genic bacteria, which are, of course, by far the most important 
ones found in cream. The source of much of the cream that I
is used today is not above suspicion as regards disease pro­
ducing organisms and accordingly pasteurization, which is the 1  
most effective way of overcoming such suspicion, is of con- 1  
siderable importance from the standpoint of the prevention of I  
infectious diseases.
14
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TABLE VIII.
BACTERIAL CONTENT OF ICE CREAM AT VARIOUS STAGES OF ITS COMMERCIAL MANUFACTURE.
Numbers o f Bacteria per cc.
Time o f Test | Expt. 1 
5 Gals.
Expt. 2 
20 Gals.
Expt. 3 
5 Gals.
Expt. 4 
15 Gals.
Expt. 5 
15 Gals;
Expt. 6 
20 Gals.
Expt. 7 
20 Gals.
Cream, befare Pasteurization.............. 9,000,000 25,500,000 1,500,000 4,200,000 9,000,000
Cream after Pasteurization & cooling 4,300 6,800 600 30,000 70,000 1,200
Cream after 1 day................................. 5,100 7,700 30,000 75,000 1,300
Cream after 2 d a y s ................................. 4,200 30,000 80,000 1,200
Cream after 3 days ............................ 7,000 2,300 100,000 . 2,700
Cream after 4 d a y s ................................. 5,000
Mix ................................................... 7,400 20,000 2,300 85,000 80,000 6,000
Frozen ice cream sample 1 ................ 5,500 20,000 75,000 3,000 30,000 110,000 4,300
Frozen ice cream sample 2 .......... ...... 5,800 20,000 4,400 35,000 70,000 4,200
Frozen ice cream sample 3 ................ 7,500 7,000 4,300
Frozen ice cream sample 4 ................ 4,600
Frozen ice cream sample 5 ................ 4,500
A fter hardening ...................................... 6,300 10,000 140,000 4,200
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Besides these two indisputable advantages for pasteuriza­
tion, there is the popular demand for foods that are made 
under strictly sanitary conditions and with an observance of 
the best possible methods. Although a few million additional 
organisms may be present in each cubic centimeter of ice 
cream without causing the consumer any harm in the great 
majority of cases, the realization that a low bacterial content 
means clean methods of production in the case of any food 
product is becoming more and more widespread. As a result, 
certain demands are beginning to be imposed, and these serve 
as a basis for discrimination against certain manufacturers.
PASTUERIZATION DOES NOT HURT ICE CREAM.
From time to time objections to the pasteurization of milk 
are raised. Most of them do not apply to the pasteurization 
of cream for ice cream making, because the cream is held at a 
temperature low enough to prevent the multiplication of bac­
teria for a considerable period and furthermore, because the 
ice cream manufacturer pasteurizes the cream himself. He 
knows, or can know, approximately the age of the cream and 
its condition before pasteurization, and he is in a position to 
eliminate subsequent contamination. Consequently any manu­
facturer can, if he cares to, put out perfectly wholesome ice 
cream.
The lessened digestibility of pasteurized milk has been 
discussed a great deal, but at present, pasteurization is much 
less opposed than formerly. The opposition has always been 
principally against its use for infants. Moreover, on account 
of its greater fat content, cream is probably changed less in 
pasteurizing than milk, inasmuch as fat is apparently unaltered 
except for a coalescence of some of the globules.
CONCLUSIONS.
It is possible to produce ice cream with a low bacterial 
content in quantities up to 20 gallons, at least, by the observ­
ance of methods which are inexpensive. Whether or not ice 
cream with a low bacterial content can be produced under the 
conditions existing in the larger factories, must be decided by 
future work.
PART IV. BACTERIAL CHANGES DURING THE 
; STORAGE OF ICE CREAM.
A knowledge of the bacterial changes in ice cream during 
storage is necessary before the question of a bacterial standard 
can be intelligently considered. Under commercial conditions 
ice cream is seldom delivered within 5 hours of making
16
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while it is not uncommonly kept as long as io days. If during 
this period of storage there is any important change in the 
number of bacteria present, this must be taken into considera­
tion when an attempt is made to formulate a practical bac­
terial standard.
It seems to be well established that the freezing of bac­
teria does not kill them, and that temperatures as low as 
liquid air and liquid hydrogen cannot accomplish their de­
struction.
Belli 3 showed that an exposure to -200° C for 15 hours 
had no effect on the virulence of anthrax bacilli, although 
counts demonstrated that a number of the organisms in each 
culture had been killed. The same investigator 4 also con­
cluded that 9 hours at -190° C caused a diminution in the 
number of organisms in cultures of the chicken cholera organ­
ism, a spore bearing bacillus, and a non-spore bearing bacil­
lus.
W. H. Park 5 suspended cultures of bacillus typhosus 
from 20 cases of typhoid! in water and found that after 3 
weeks at an average temperature of 230 F  only 0.4 per cent 
of the organisms were alive, although all of the cultures con­
tained some living organisms. After 7 weeks only .09 per 
cent of the organisms were alive while 18 of the cultures 
contained living organisms and after 22 weeks all of the 
organisms were dead.
EFFECT OF FREEZING ON BACTERIA.
Mac Fadyean and Rowlands 6 & 7 concluded successively 
that -182° to -190° C for 20 hours, -190° C for 6 days, and 
-2520 C for 6 months, caused no detectable reduction in the 
vitality of the organisms worked with. After being exposed 
to -190° C for 7 days, milk still curdled at a favorable temper­
ature and after -2520 C for 6 months bacillus typhosus still 
showed its various properties.
Smith and Swingle 8 concluded that in every culture some 
individuals are found which are unharmed at -190° C, although 
the number is but a small percentage of the whole. They 
secured as great a reduction with salt and ice (-17.8° C) for 2 
hours as with liquid air from one half to 28 hours and con­
sidered o° to be the critical temperature. In their hands re-
3. C entrbl. f. B akt. etc., A bt. I, 31. 1902, No. 8 O rig. pp. 355-360.
4. Pub. 1st Ig . U niv. P a d ova  2, 1902, X II, p. 7— R ef. E xpt. Sta. 
R ecord  X IV , p. 334.
5. A bs. in S cience n Series 13, 1901, No. 322, p. 323.
P roc. R oy . Soc. L on d on  66 (1900) Nos. 420, pp. 180-182; 430, pp. 
339-340; R ef. E xpt. Sta. R ec. X II , p. 913.
A n n - B o t - 16 (1902) No. 64, pp. 589-590. R e f. E xpt. Sta. R ec. 
^■IV, p. 946.
8. A bs. in S cience N. Series 21 (1905) No. 535, pp. 481-483.
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peated freezing and thawing gradually reduced the number of 
organisms.
More recently Conn 9 has found an increase in the total I  
numbers of bacteria in frozen soil. He writes as follows in 
his explanation: “ It must be remembered first that the soil 
was at no time more than half of one degree Centigrade below 
freezing and that there must have been much of the soil solu­
tion unfrozen at this temperature.” ” P. E. Brown of this sta- I  
tion has recently confirmed Conn’s results.
T h e  b a cteria l ch a n g es  th at tak e  p la ce  in m ilk  h e ld  at lo w  I  
tem p era tu res  h ave  b een  m ade the su b je c t  o f  s tu d y  b y  a n u m ­
b e r  o f  in v estig a tors .
Conn and Esten 10 showed that, at i°  C after a period of 
quiescence lasting 6 to 8 days, there is an increase in the 
number of bacteria and that the final numbers reached may be H 
enormous without there being any change in the appearance I  
of the milk. H
Pennington 11 found that, “bacteria in milk increase in 
numbers when the temperature is maintained at or a little 
below o° C,” and that,, “ bacterial growth at the end of a week, 
even in the cleanest milk which contained as low as 300 organ­
isms to the cc., was pronounced;.” I
Ravenel, Hastings and Hammer 12 likewise concluded that I  
there is a marked increase in the bacterial content of milks 
held at o° C. They showed also that at -90 C there was no 
increase in the bacteria which develop on gelatin or agar.
INFLUENCE OF COLD. ■
From the work reviewed the following conclusion seems I  
justified: Bacteria are not all killed by an exposure to tem- I
peratures far below the freezing point of water. Growth takes I  
place in various materials at temperatures even slightly below I  
o° C, but at temperatures several degrees below this, growth H 
probably does not occur.
Stiles, working in Washington, 13 and Pennington work- I  
ing in Philadelphia, 14 have studied the question of bacterial 
changes in ice cream during storage. In the Washington I  
work the results vary enormously from one determination to H  
another. For example, in sample 1 of the series of 4 samples, H  
a decrease from 185,000,000 to 8,000,000 per cc. was found in A  
the 3 days from the 27th to the 30th day of storage. In all of I  
the 4 samples the count on the 27th was enormously greater 
than that obtained the time before or the time after, and in 3 |
O entrbl. f. B akt., 2 abt. 32 (1911) p. 70. I
10. S torrs R p t. 1904, p. 27.
11. Journ . B iol. Chem . 1908, 4 p. 353.
12. Journ . In f. D iseases, 1910, pp. 38-46. H
13. B ull. No. 56 H y g . L ab. U. S. P ub. H ea lth  and  M ar. H osp . Service 
p. 263.
14. B ull. No. 56 H y g . L ab. U. S. H ea lth  and M ar. H osp . S erv ice  p. 266.
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out of 4 samples, the 27th day gave the highest count of the 
series. In sample 1, the count on the 27th day was almost 7 
times as great as the next highest count obtained, which was 
on the 29th day.
In the Philadelphia work, great variations were like­
wise obtained and they were present in both the results ob­
tained with an incubating temperature of 370 C and those ob­
tained with an incubating temperature of from 180 to 20° C.
The data obtained by these investigators, however, are 
considered by Wiley 15 to show that low temperatures do not 
always entirely inhibit bacterial growth, and Stocking 16 says, 
‘‘They (Pennington and Stiles) found in samples held about 
a month, that there was normally a decrease in the bacterial 
count, and also in the amount of gas production for a number 
of days, after which there was frequently a marked increase 
in the bacterial counts.”
Buchan, 17 working in England, has obtained the follow­
ing figures which he considers show a definite increase in the 
number of bacteria in a sample of ice cream.
Bacteria per cc. Bacteria per cc.
Developing Developing
on Agar on Gelatin
On arrival ................... 93,000 327,000
3 hours .........   112,000 388,000
6 hours ........---............... 126,000 459,000
9 hours .........•_............... 130,000 603,000
12 hours ........................139,000 611,000
The ice cream on which these results were obtained was 
held at a temperature of from 28° to 28.8° E, which is. so much 
above the temperature employed in this country that the re­
sults are not applicable to conditions here.
THE IOW A INVESTIGATION.
The work herein reported was undertaken with the object 
of determining whether or not there is an increase in the num­
ber of bacteria, capable of developing on agar, during the 
storage of ice cream.
The work .has been confined to agar because this is the 
medium which most nearly fulfills the requirements of the 
laboratory workers, and is, in all probability, the medium that 
will be used for the routine examination of ice creams. The 
ice cream containers were sterilized in the autoclave and were
15. Bull. No. 56 H y g . L ab. U. S. Pub. H ea lth  and M ar. H osp . Service
p. 263. ;
16. M icro b io lo g y  (M arsh a ll) p. 373.
17. Journ . H y g . X -1910-p . 93.
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filled) as the finished product was taken from the freezer. In I 
some of the work one-quart containers were used, while in the II 
remainder, two quarts of the ice cream were packed in a gallon I 
.container.
The determinations marked “ immediately after freezing” 
were made on samples taken directly from the freezer at the 
time of filling the containers intended for packing. No at- I 
tempt was made to keep records of the temperature of the ice I 
cream during storage, but the ice and salt were renewed ( 
exactly the same as they would have been if the material had 
been intended for sale.
The following tables show the results obtained on 12 
samples of ice cream stored for varying lengths of time:
EFFECTS OF STORAGE ON BACTERIA IN ICE CREAM.
ICE CREAM NO. 1.
Age of Bacteria
Ice Cream per cc.
3 hours ................. 1...... 1,900,000
1 day ...... ...... 1,800,000
2 days ..................... ...... 2,000,000
3 days ..................... ...... 1,900,000
4 days ...... ...—...... ......2,000,000
5 days ..................... ...... 1,400,000
6 days ..................... ...... 1,600,000
7 days .................... . ......1,600,000
8 days ..................... ...... 1,200,000
9 days ............................1,400,000
10 days ............................ 1,000,000
12 days ............................1,500,000
13 days .......... .......... ....... 1,300,000
14 days .................. H:...... 1 ,5 0 0 ,0 0 0
16 days ............................1,000,000
18 days ............................1,000,000
27 days .......... .......... ....... 1,100,000
44 days ............................ 1,000,000
ICE CREAM NO. 2.
Age of Bacteria
Ice Cream per cc.
Imm ediately after 
freezing .....................4,400,000
2 days ............................ 1,600,000
4 days .................... ........ 1,400,000
5 days .................... ....... 1,300,000
6 days ...............— .......  800,000
7 days ................ .......  900,000
9 days ............... . ....... 1,000,000
10 days .................... ....... 1,200,000
11 days .................... .......  900,000
12 days .................... ........ 1,300,000
13 days .................... .......  700,000
ICE CREAM NO. 3.
Age o f Bacteria
Ice Cream per cc.
Imm ediately after
freezing ......    4,800
1 day ........     4,400
2 days ............................. 3,000
3 days 1...............    3,900
5 days ............................ 4,000
7 days ............................  3,600
8 days .....................  2,800
10 days ..... ...................... . 3,000
ICE CREAM NO. 4.
Age o f Bacteria
Ice Cream per cc.
Imm ediately after
freezing ......................41,000,000
1 day ............  16,000,000
3 days ...........................21,000,000
4 days .......................... 15,000,000
10 days .......................... 10,000,000
11 days ...............   11,000,000
13 days .......................... 10,000,000
14 days 8,000,000
17 days .......................... 10,000,000
20 days ..........................  8,000,000
33 days ..........................  5,000,000
ICE CREAM NO. 5.
Age o f Bacteria
Ice Cream per cc.
Just before freezing ..........25,000
1 day .......    25,000
12 days ..................................15,000
23 days ..................................15,000
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ICE CREAM NO. 6. ICE CREAM NO. 10.
Age o f Bacteria Age o f Bacteria
Ice Cream per cc. Ice Cream per cc.
Immediately from  
freezer ................ ...... 1,600,000
Imm ediately after 
freezing ................. ...46,000,000
1 day .......... ............. ...... 1,400,000 3 days ...................... ... 3,600,000
2 days ..................... ...... 1,000,000 4 days ...................... ... 5,100,000
3 days ..................... ......  900,000 6 days ...................... ... 5,900,000
7 days ..................... ......  700,000 8 days ...................... ... 5,400,000
8 days ..................... ......  800,000 9 days ...................... .....4,200,000
9 days ..................... ......  600,000 10 days ..... ................ ... 1,200,000
ICE CREAM NO. 7. 11 days ...................... ... 1,400,000
Age o f Bacteria 13 days ...................... ... 2,000,000
Ice Cream per cc. 14 days ...................... ... 1,400,000
Immediately after
17 days ......................
34 days ...............
... 1,700,000 
... 1,800,000freezing .............. ...... 1,600,000
1 day ..........   1,500,000
3 days .........   1,000,000
5 days .............    800,000
7 days ........    400,000
8 days ............................. 800,000
9 days ............................  700,000
ICE CREAM NO. 8.
Age o f Bacteria
Ice Cream per cc.
Immediately after
freezing .........._......... 17,000,000
2 days ...........................11,000,000
4 days ..................    4,300,000
5 days .........     6,000,000
6 days ...........  4,500,000
ICE CREAM NO. 9.
Age o f Bacteria
Ice Cream per cc.
Immediately after
freezing ......................17,000,000
1 day .............................11,000,000
2 days ..........................  9,000,000
4 days ...................   7,000,000
5 days .......................... 10,000,000
ICE CREAM NO. 11.
Age o f Bacteria
Ice Cream per cc.
Imm ediately after
freezing ............................... 6,300
A fter hardening ................... 6,300
1 day ......................................... 3,300
2 days ................. ........ ...... ....2,700
3 days .......................................2,300
ICE CREAM NO. 12.
Age o f Bacteria
Ice Cream per cc.
Im m ediately after 
freezing ................... ...........4,400
A fter hardening ...... ...........4,200
1 day .......................... ...........3,500
2 days ....................... ............5,300
7 days ....................... ............4,100
10 days ....................... ...........6,300
BACTERIA DO NOT INCREASE DURING STORAGE.
From these results it seems safe to conclude that during 
the period of storage of ice cream there is no increase in the 
number of bacteria capable of developing on agar.
Some of the tables show fairly wide variations from one 
determination to another, but this is rather to be expected as 
it is probably impossible to get a uniform distribution of 
bacteria through a medium of the consistency of an ice cream 
mix. In fact, one of the arguments raised by practical ice
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cream men against the bacterial standard for ice cream is that 
the bacterial content of various parts of the same container is 
very different. This will be considered with the help of some 
experimental evidence later.
Some of the samples, notably numbers 2, 4, and 10, show 
a decided decrease from the time of freezing to the subsequent 
determination, at which time the hardening was complete. 
This same decrease has been noted in samples other than 
those mentioned and is probably dependent upon the kind of 
organisms present. The question is to be investigated later 
from the standpoint of the types of organisms present.
THE VARIATIONS IN TW O PACKAGES.
In order to get some evidence concerning the'validity of 
the ice cream manufacturer’s argument in regard to the varia­
tions in bacterial content of different portions of the package, 
two samples were taken from the same container within one 
minute of each other, and bacterial determinations made. 
These results are shown in the following table and are given 
exactly as obtained instead of reducing them to the scale 
recommended by the American Public Health Association.
TABLE IX.
VARIATION O F  BACTERIAL CONTENT IN PACKAGES.
A B
Percent
Variation
8,600,000 9,200,000 6.98
5,200,000 4,600,000 13.04
15,300,000 15,700,000 2.61
10,500,000 9,850,000 6.60
10,600,000 11,300,000 6.60
9,700,000 i 9,459,000 2.65
8,550,000 8,200,000 4.27
8,800,000 10,800,000 22.73
1,575,000 1,645,000 4.44
1,325,000 1,235,000 7.29
900,000 990,000 10.00
1,160,000 970,000 19.59
1,265,000 1,275,000 -  .79
1,060,000 1,050,000 .95
950,000 960,000 1.05
720,000 730,000' 1.39
4,050 3,900 3.85
From the results obtained, it seems fair to conclude that 
the differences in bacterial content of various portions of a 
container are- negligible. For the most part, the results are 
attributable to experimental error. Occasionally two plugs 
taken from the same container show a fairly large difference,
18. A m . J.r. Pub. H y g . N. Series V I, 1910, pp. 326-327.
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but this same condition is found at times when two samples of 
milk are taken from the same can. All the results obtained 
above were obtained on unbroken packages of ice cream. 
When,, however, samples are taken from containers of re­
packed ice cream, big differences may be found. The follow­
ing results, which were obtained on a sample of raspberry ice 
cream that had been transferred from one container to another, 
illustrate this point:
Percent
A  B Variation
6,050,000 14,350,000 137.19
With variations of this sort, a bacterial standard for ice 
creams would be very unsatisfactory, but it is entirely possible 
that, by using steamed containers and utensils, such variations 
would be eliminated.
CONCLUSIONS.
1. There is no increase in the number of bacteria during 
the storage of ice cream, judging by the number of organisms 
developing on agar with an incubation temperature of 370 C. 
This statement assumes, of course, that the product is kept 
properly Hardened.
2. Duplicate determinations made on containers of ice 
cream agree fairly well if the containers represent unbroken 
lots of the material. If made on ice cream that has been 
transferred from one container to another, considerable varia­
tion may be found.
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